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VXFK JDVHV UHVSLUDWRU\ PDVN LV QHHGHG 7KHVH JDVHV DUH KDUPIXO WR KXPDQ ZKLOH ZRUNLQJ LQ DQ\ LQGXVWU\ RU
FRPSDQ\6XFKJDVHVPXVWEHDYRLGHGLQRUGHUWRDYRLGKD]DUGRXVFRQGLWLRQV7KLVSUHFDXWLRQFDQEHSRVVLEOHZLWK
WKHKHOSRIDXWRPDWLFVHOHFWLRQRIUHVSLUDWRU\PDVN%XWWKLVPDVNPXVWEHILWWHGZHOOZKLFKLVGRQHZLWKWKHKHOSRI
VHOHFWLRQSURFHVVRIPXOWLSOHVL]HGUHVSLUDWRU\PDVNV
6RPHWLPHV DIWHU WKH FRPSOHWLRQ RI VHOHFWLRQ SURFHVV OHDNDJHPD\ RFFXU LQ WKH PDVN /HDNDJH ZLOO SHUPLW
LQKDODWLRQRIWR[LFRUKDUPIXOJDVHV)RUPDWLRQRIOHDNDJHLVYHU\GDQJHURXVGXULQJZRUNLQWKHLQGXVWU\ZKHQVXFK
KDUPIXO JDVHV RU SDUWLFOHV RFFXUUHG 7KH PDQXIDFWXULQJ FRPSDQ\ SURYLGHV WKHVH W\SHV RI PDVN EDVHG RQ WKH
UHJXODUO\REVHUYHGIDFHVKDSH%XWLIVRPHFKDQJHVRFFXURQWKHIDFHVKDSHRIZHDUHUOHDNDJHZLOOJHQHUDWH0RVWRI
WKHOHDNDJHJHQHUDWHVDURXQGWKHFKLQDQGQRVHDUHDRIWKHIDFH7KLVSDSHUILUVWO\SUHVHQWVDUHYLHZUHSRUWRQWKHILW
WHVWLQJRIWKHUHVSLUDWRU\PDVNDORQJZLWKGHWHFWLRQRIOHDNDJHLQVLGHWKHPDVN7KLVVHOHFWLRQDQGOHDNDJHGHWHFWLRQ
SURFHVV LV LPSRUWDQW IRU WKH FHUWLILFDWLRQ RI ILW WHVW IRU WKH UHVSLUDWRU\PDVN 7KH )LW WHVW FHUWLILFDWH SURYLGHV WKH
UHFRPPHQGHGVL]HRIPDVNDFFRUGLQJWRIDFHVKDSH'LIIHUHQWW\SHVRIPDVNGHSHQGLQJRQWKHVWUXFWXUHDUHVKRZQ
LQILJXUHEHORZ
 

)LJ7\SHVRI0DVN
/LWHUDWXUH5HYLHZ
$QLPSURYHGPDVNVHOHFWLRQFULWHULDIURPPXOWLUHVROXWLRQPDVNVIRUSHUVRQLGHQWLILFDWLRQGHSHQGLQJRQWKHH\H
GLVWDQFHFDSWXUHGLQWKHLPDJHLVSURSRVHG,QLWLDOO\WKHV\VWHPFRQVWUXFWHGPXOWLUHVROXWLRQPDVNFOXVWHUS\UDPLG
ZKHUH WKHPDVN VL]H LV VHOHFWHG GHSHQGLQJ RQ WKH GLVWDQFH EHWZHHQ WZR H\HV FRPSXWHG IURP WKH GHWHFWHG IDFH
6\VWHPDOVRGHWHUPLQHVGLVWDQFHEHWZHHQDSHUVRQDQGFDPHUDEDVHGRQH\HGLVWDQFH$SHUVRQWRFDPHUDGLVWDQFHLV
PHDVXUHGZLWKWKHKHOSRIGLVWDQFHEHWZHHQFHQWUHVRIWZRH\HV$GLVWDQFHPHDVXULQJV\VWHPXVHVWKHYDULDWLRQLQ
H\H GLVWDQFH ZLWK WKH FKDQJH LQ GLVWDQFH EHWZHHQ FDPHUD DQG SHUVRQ 6\VWHP SURYLGHV EHWWHU UHVXOWV ZLWK KLJK
SUHFLVLRQUHFDOOUDWHVDVFRPSDUHGWRH[LVWLQJVLQJOHUHVROXWLRQPDVNEDVHGSHUVRQLGHQWLILFDWLRQV\VWHPV5HVXOWRI
H[SHULPHQWVKRZVGLVWDQFHPHDVXUHPHQWV\VWHPZLWKDQDYHUDJHDFFXUDF\RISUHFLVLRQUDWHRI
DQGUHFDOOUDWHRI
7KH GHWHFWLRQ RI OHDNDJH RI KDOIPDVN DQGPDLQWHQDQFH IUHH UHVSLUDWRU HTXLSPHQW LV VWXGLHG WKHRUHWLFDOO\ DQG
SUDFWLFDOO\$OVRWKHSURWHFWLRQIDFWRUDQGOHDNDJHIORZKDVEHHQGLVFXVVHGE\XVLQJDSUDFWLFDOPRGHOZKLFKXVHV
WKHHTXDWLRQRISDUWLFOHFRQVHUYDWLRQLQVLGHDQGRXWVLGHWKHUHVSLUDWRU)RUWKHSUDFWLFDOH[SHULPHQWVRGLXPFKORULGH
1D&OSDUWLFOHVRIQPLQGLDPHWHUDUHFRQGXFWHG$ORQJZLWK1D&ODFRQGHQVDWLRQQXFOHXVFRXQWHU LVXVHGDV
SDUWLFOHGHWHFWRU$ UHVSLUDWRU LV ILWWHGZLWK FRQWUROOHG OHDNKROHVRISP LQGLDPHWHU3URWHFWLRQ IDFWRU LV
PHDVXUHGIRUWKHKLJKHIILFLHQF\GXVWPLVWIXPHUDGLRDFWLYHQXFOLGHUHVSLUDWRUZKLFKLVDVKLJKDV;ORQWKH
XOWUDILQHDHURVRO([SHULPHQWDOUHVXOWVVKRZHGWKDWWKHDHURVROSHQHWUDWLRQLQWRDUHVSLUDWRUZDVVWURQJO\DIIHFWHGE\
WKHOHDNKROHVL]HILOWHUHIILFLHQF\DQGIORZUDWHWKURXJKWKHUHVSLUDWRU([SHULPHQWDOVWXG\VKRZVWKHFKDQJHVLQWKH
SURWHFWLRQIDFWRUDORQJZLWKWKHOHDNKROHVL]HDQGIORZUDWH,QFUHDVHLQOHDNKROHVL]HUHVXOWHGLQWRUDSLGGHFUHDVHLQ
SURWHFWLRQ IDFWRU DQGZLWK WKH GHFUHDVH LQ IORZ UDWH SURWHFWLRQ IDFWRU JHW LQFUHDVHG7KH FRQFOXVLRQRI WKH VWXG\
VKRZVWKDWWKHSHQHWUDWLRQRISDUWLFOHVWKURXJKWKHUHVSLUDWRUILOWHUFDQEHGHFUHDVHGWRDVPDOOHUYDOXHDQGLQVRPH
FDVHVQHJOLJLEOHYDOXH7KXVWKHFKDUDFWHULVWLFVRIIDFHVHDOOHDNDJHFDQEHVWXGLHGZLWKWKHKHOSRIXOWUDILQHDHURVROV
WHVW
)LWWHVWLQJRIDUHVSLUDWRULVQHHGHGWRHQVXUHWKDWWKHZHDUHULVIXOO\SURWHFWHGZLWKDSURSHUILW7KHSXUSRVHRI
SDSHULVWRGHWHUPLQHWKHHIIHFWRIOHDNDJHRQWKHIDFHPDVNSUHVHQFHRIEHDUGRQWKHIDFHDUHDRIWKHILUHILJKWHUV
DQGZRUNHUV LQKDUPIXOJDVHRXV HQYLURQPHQWV%DVLFDOO\ SDSHUSURSRVHG DGHWDLO VWXG\RQ WKH ILUH ILJKWHUVZKR
ZHUHZRUNVLQKD]DUGRXVFRQGLWLRQDQGDOZD\VEHKHOSIXOWRRWKHUV7RWDOIRUW\YROXQWHHUILUHILJKWHUVIURPGLIIHUHQW
GHSDUWPHQWVDUHLQFOXGHGLQWKHVWXG\$OOWKHVHILUHILJKWHUZHUHDQDO\]HGIRUPHDVXUHPHQWRIOHDNUDWHIRUWRWDOILYH
GD\V /HDN UDWH PHDVXUHPHQW FDQ EH H[SHULPHQWHG E\ &RQWURO 1HJDWLYH 3UHVVXUH &13 ILW WHVWHU $IWHU WKLV
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PHDVXUHPHQW WKHSUHVHQFHRIEHDUGRQ WKHIDFHZLWK WKHUHVSLUDWRU OHDNUDWHVZDV LQYHVWLJDWHG7KHSUHVHQFHRID
EHDUG LQFUHDVHG WKH OHDN UDWH LQ VSLWHRI WKH IDFHVKDSH5HVXOWRI WKLVVWXG\REVHUYHG WKHEHVW ILWWLQJPDVN WR WKH
UHVSLUDWRUV DVRYDO VKDSH WKHQ VHFRQGO\ WKH URXQGHGDQG ILQDOO\ WKH UHFWDQJXODU IDFH)DFHKDYLQJEHDUGPXVWEH
SURKLELWHGIRUH[SHULPHQWVLQFHLWFDQOHDGVWRGDQJHURXVFRQGLWLRQVVXFKDVH[WLQJXLVKLQJILUHV
7KH5HVSLUDWRU\3URWHFWLYH(TXLSPHQWVXFKDVUHVSLUDWRU\PDVN LVILW WHVWHGZLWK WKHVHOHFWLRQSURFHGXUH7KH
VHOHFWLRQ SURFHVV LV D ILW WHVWZKLFK LV FDUULHG RXW LQ WKH ODERUDWRU\ ,Q ODERUDWRU\ DOO WKH WHVWV LQFOXGLQJ OHDNDJH
GHWHFWLRQLVFDUULHGRXWZKLFKLVYHU\LPSRUWDQWWRDYRLGKD]DUGRXVFRQGLWLRQV,WSURGXFHVDQDFFXUDWHUHVXOWVEDVHG
RQWKHVHOHFWLRQRIPXOWLSOHPDVNV)LWWHVWLVFDUULHGRXWZLWKWZRPHWKRGVVXFKDV4XDOLWDWLYHDQG4XDQWLWDWLYHILW
WHVWVZKLFKSURYLGHWKHFHUWLILFDWLRQRIILWWHVW
2.1.  Conclusion Based On Literature Review 
 7KXVH[LVWLQJWHFKQLTXHVFRQVLVWRIILWWHVWIRUWKHVHOHFWLRQRIPDVNXVLQJILWIDFWRUIRUDOOWKHW\SHVRIPDVNV
ZKLFK LV WLPH FRQVXPLQJ SURFHGXUH 2WKHU WHFKQLTXH SURYLGHV LPDJH SURFHVVLQJ EDVHG RQ PDWFKLQJ DOJRULWKP
ZKLFKGHWHUPLQHVGLVWDQFHEHWZHHQH\HVWRVHOHFWWKHPDVN%DVLFDOO\WKHILWIDFWRU))LVDPHDVXUHRIKRZZHOOD
SDUWLFXODUPDVNVHDOVDJDLQVWWKHZHDUHU
VIDFH7RFDOFXODWHWKHILWIDFWRUIRUHDFKRIWKHDYDLODEOHPDVNVHDFKPDVN
PXVWJRWKURXJKFHUWDLQSURFHGXUHE\ZHDULQJLWE\WKHZHDUHU7KXVPDVNLVVHOHFWHGEDVHGRQWKHILWIDFWRUUHFRUGV
IRU DOO WKH DYDLODEOHPDVNV )) LV WKH UDWLR RI FRQFHQWUDWLRQ RI FRQWDPLQDQW RXWVLGH WKHPDVN WR FRQFHQWUDWLRQ RI
FRQWDPLQDQWLQVLGHWKHPDVN

FF  =     
Concentration Outside the mask  
              Concentration Inside the mask

$KLJKHUILWIDFWRUQXPEHUVKRZVWKDWWKHPDVNDFKLHYHGDJRRGFRQWDFWEHWZHHQWKHIDFHVHDODQGWKHIDFHGXULQJ
WHVW6R IRU HDFKPHPEHURI LQGXVWU\ WKLV ILW WHVW LV GRQHZKLFK LVPRUH WLPHFRQVXPLQJDV FRPSDUHG WR V\VWHP
SURSRVHGLQWKLVSDSHU
)RUWKHOHDNDJHGHWHFWLRQH[LVWLQJV\VWHPXVHV4XDOLWDWLYHDQG4XDQWLWDWLYHILWWHVW

x 4XDOLWDWLYH ILW WHVW$ELWWHU VZHHW WDVWLQJDHURVRORURGRXUFRPSRXQGVDUHSDVVHG LQ WKHHQYLURQPHQW IRU WKH
OHDNGHWHFWLRQZKLFKLVSDVVRUIDLOWHVWRQO\
x 4XDQWLWDWLYH ILW WHVW6SHFLDOLVHGHTXLSPHQW LV UHTXLUHG WRFRQGXFW WKHPHDVXUHPHQWE\SODFLQJ WKHXVHU LQDQ
DWPRVSKHUHFRQWDLQLQJDQHDVLO\GHWHFWDEOHQRQWR[LFDHURVROZKLFK LV W\SLFDOO\SHUIRUPHG LQD ODERUDWRU\ WHVW
FKDPEHU

%RWKWKHWHVWVDUHWLPHFRQVXPLQJFRPSOH[DQGQHHGVVSHFLDORSHUDWRUWRKDQGOHVXFKHTXLSPHQW7KHV\VWHP
SURSRVHGLQWKLVSDSHUFDQGHWHFWOHDNVLQWKHPDVNZLWKPLQLPXPWLPHDQGQRQHHGRIVHSDUDWHODERUDWRU\WHVW7KXV
ZKLOHZRUNLQJLQWKHLQGXVWU\ZHDUHUJHWLQIRUPHGDXWRPDWLFDOO\LIOHDNDJHIRXQG
0HWKRGRORJ\IRU0DVN6HOHFWLRQDQG/HDNDJHGHWHFWLRQ
([LVWLQJV\VWHPSURYLGHVWKHDSSURSULDWHIDFHPDVNRQWKHEDVLVRIODERUDWRU\WHVW%XWWKLVPHWKRGRORJ\SURYLGHV
VXLWDEOHPHWKRGV IRUPDVN VHOHFWLRQ WHVWZKLFK XVHV WKH LPDJH SURFHVVLQJ WHFKQRORJ\ 7KH VHOHFWLRQ V\VWHPZLOO
ZRUN DV SHU WKH IORZ FKDUW DV VKRZQ LQ ILJ  EHORZ ,Q WKLV ILW WHVW SURFHVV WKH IDFH FRQWRXUZLOO EH H[DPLQHG
$FFRUGLQJWRWKHGLPHQVLRQFDSWXUHGIURPWKHIDFHLPDJHEHVWILWWHGPDVNZLOOEHVHOHFWHGE\WKHVRIWZDUH(GJH
GHWHFWLRQDOJRULWKPFDQEHDSSOLHG WRGHWHFWHGJHVRI WKHZHDUHU
V LPDJH7KHEHVW VHOHFWHGRSHUDWRU IRU WKHHGJH
GHWHFWLRQRI IDFH LPDJH LV&DQQ\ HGJHGHWHFWRUZKLFK FDQEHXVHG LQ WKLV V\VWHP:LWK WKHKHOSRI HYROXWLRQDU\
DOJRULWKPDQGDGYDQFHGVRIWZDUHWRROVGLPHQVLRQZLOOEHFDOFXODWHGIURPWKHFDSWXUHGLPDJH7KHQWKLVGLPHQVLRQ
ZLOOEHFRPSDUHGZLWKWKHVWDQGDUGGLPHQVLRQRIWKHDSSURSULDWHPDVN7KHQWKHEHVWPDWFKHGGLPHQVLRQZLOOVHOHFW
WKHPDVNWKDWZLOOEHEHVWILWWHGWRWKHZHDUHU)ORZFKDUWVKRZVHDV\RSHUDWLRQRIV\VWHPEXWWKHGLIILFXOWSDUWLVWKH
LPDJHSURFHVVLQJZKLFKPXVW UHFRUGDFFXUDWH UHDGLQJRI IDFH VKDSH$IWHU WKH VHOHFWLRQSURFHVVHDFKSHUVRQFDQ
ZHDUPDVNFRPIRUWDEO\ZLWKRXWDQ\ULVN
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6RPHJHQHUDOVKDSHVRIKXPDQIDFHDUHVKRZQEHORZLQILJ$FFRUGLQJWRILJXUHILYHFRPPRQW\SHVRIVKDSH
RIIDFHDUH5RXQG2YDO/RQJKHDUW6TXDUHDQG'LDPRQG)RUDOOW\SHVRIVKDSHPDVNVDUHDYDLODEOHEXWZKLFK
PDVNLVEHVWILWWHGWRZHDUHUZLOOGHSHQGRQWKHVHOHFWLRQSURFHVV%DVLFDOO\WKLVV\VWHPZRUNVZKHQFHUWDLQFKDQJHV
RFFXUUHGRQ WKH IDFHDUHDRIZHDUHU VXFKDV VFDUHVPROHVDURXQG WKH IDFHPDVNDUHD VZHOOLQJGXH WRDQ\GHQWDO
ZRUNDQGVRPHWLPHVZHDUHUORVHVRUJDLQVZHLJKWWKHQWKHVHOHFWLRQWHVWLVQHHGHG6RPHWLPHVOHDNDJHLQWKHPDVN
RFFXUVGXHWRVRPHSK\VLFDODFWLYLW\ZKLOHZRUNLQJLQWKHLQGXVWU\,QVXFKFRQGLWLRQLQGLFDWLRQVKRXOGEHJLYHQE\
WKLVV\VWHPLQRUGHUWRWDNHVDIHDFWLRQ



)LJ&RPPRQ)DFH6KDSH















)LJ:RUNLQJ)ORZ&KDUWIRU0DVN6HOHFWLRQ

3.1.  Canny Edge Detection Operator 
&DQQ\HGJHGHWHFWLRQ WHFKQLTXH LVXVHG WRGHWHFWZLGH UDQJHRIHGJHV LQ WKH LPDJH ,W LVDEHVWRSHUDWRUXVHG
ZLWKLQHGJHGHWHFWLRQDOJRULWKP,WZDVGHYHORSHGE\-RKQ)&DQQ\LQ$ORQJZLWKFDQQ\RSHUDWRUVRPH
6WDUW
$SSO\,PDJHSURFHVVLQJLQ0DWODE6RIWZDUH
0DWFKZLWKWKHVWDQGDUGGLPHQVLRQRIDYDLODEOHPDVNV
&DOFXODWHGLPHQVLRQVRIFDSWXUHGLPDJH
0DVNLVVHOHFWHG
0DWFK
IRXQG
)DLO
3DVV
&DSWXUHLPDJHXVLQJFDPHUDRIV\VWHP
(QG
6WRUHDOOWKHUHTXLUHGLQIRUPDWLRQ
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RWKHURSHUDWRUVDUHJHQHUDOO\XVHGIRUHGJHGHWHFWLRQVXFKDV6REHO'HULFKH'LIIHUHQWLDO3UHZLWWDQG5REHUWVFURVV
&DQQ\HGJHGHWHFWRUPXVWIROORZFHUWDLQRSHUDWLRQVVXFKDV
x 'HWHFWLRQVKRXOGFDWFKPRUHRIWKHHGJHVVKRZQLQWKHSLFWXUHZLWKORZHUURUUDWH
x 7KHHGJHSRLQWGHWHFWHGIURPRSHUDWRUVKRXOGDFFXUDWHO\ORFDOL]HRQWKHFHQWUHRIHGJHV
x 'HWHFWHGHGJHVVKRXOGEHPDUNHGRQO\RQFHZLWKORZIDOVHHGJHV

,QRUGHUWRIROORZWKHDERYHRSHUDWLRQRSHUDWRUPXVWSHUIRUPVRPHVWULFWPHWKRGV)LUVWO\QRLVHLVUHPRYHGE\
DSSO\LQJ *DXVVLDQ ILOWHU WR WKH LPDJH 7KHQ ILQG WKH LQWHQVLW\ JUDGLHQWV RI WKDW VPRRWK LPDJH $IWHU DSSO\LQJ
JUDGLHQW FDOFXODWLRQ HGJHV REWDLQHG IURP VXFK JUDGLHQW PHWKRG DUH VWLOO TXLWH EOXUUHG 7R UHPRYH WKLV QRQ
PD[LPXPVXSSUHVVLRQWHFKQLTXHLVDSSOLHGWRWKDWLPDJH7KXVLWVXSSUHVVHVDOOWKHJUDGLHQWYDOXHWRH[FHSWORFDO
PD[LPDO7KHUHPD\ EH VRPH HGJHVZKLFKZLOO EH FDXVHG E\ WKH QRLVH DQG VRPH FRORU YDULDWLRQ7R FODULI\ WKH
GLIIHUHQWW\SHVRIHGJHSL[HOGRXEOHWKUHVKROGPHWKRGLVDSSOLHGWRILOWHURXWHGJHSL[HOZLWKZHDNJUDGLHQWYDOXH
DQGSUHVHUYHVHGJHVZLWKKLJKJUDGLHQWYDOXH)LQDOPHWKRGLV WUDFNLQJWKHHGJHVE\K\VWHUHVLVZKLFKUHPRYHVDOO
RWKHUHGJHVWKDWDUHZHDNDQGQRWFRQQHFWHGWRVWURQJHGJHV7KXVE\XVLQJDOOWKHDERYHPHWKRGV&DQQ\RSHUDWRU
SURYLGHVJRRGDQGUHOLDEOHGHWHFWLRQRIHGJHVLQWKHLPDJH,QVWHDGRI&DQQ\ZHFDQXVH6REHORSHUDWRUEXWGXHWR
VRPHDGYDQWDJHVRIFDQQ\RYHU6REHORSHUDWRUDVVKRZQLQWDEOH&DQQ\LVEHWWHUWRXVHWRGHWHFWHGJHVLQWKH
LPDJH

7DEOH&RPSDULVRQEHWZHHQ&DQQ\DQG6REHORSHUDWRU
(GJH'HWHFWLRQ2SHUDWRU 6WUHQJWK :HDNQHVV
&DQQ\ 6PRRWKLQJHIIHFWWRUHPRYHQRLVH
%HWWHUGHWHFWLRQVSHFLDOO\LQQRLVHFRQGLWLRQ
,PSURYHV6LJQDOWR1RLVHUDWLR
/RFDOL]DWLRQDQG5HVSRQVH
&RPSOH[FRPSXWDWLRQ
7LPHFRQVXPLQJ
6REHO 6LPSOH
'HWHFWLRQRIHGJHVDQGWKHLURULHQWDWLRQ
6HQVLWLYLW\WRQRVH
,QDFFXUDWH




)LJ([DPSOHRI&DQQ\RSHUDWRU

3.2.  Leakage Detection
/HDNDJHPD\RFFXULQWKHUHVSLUDWRU\PDVNGXHWRDQ\SK\VLFDOFKDQJHVRUDFWLYLW\,QKDODWLRQRISRLVRQRXVJDVHV
WKURXJKWKH OHDNDJHPD\SURGXFHKD]DUGRXVFRQGLWLRQ+HQFH ILQGLQJRXW OHDNDJHVZLWKLQDPLQLPXPDPRXQWRI
WLPHLVYHU\HVVHQWLDOIRUVHFXULW\SXUSRVH([LVWLQJWHFKQRORJ\SURSRVHGDQHTXLSPHQWZKLFKXVHVHLWKHUXOWUDILQH
DHURVRORURGRXUFRPSRXQGVIRUWHVWLQJSXUSRVH6XFKHTXLSPHQWLVFRVWO\DQGUHTXLUHVPRUHWLPHWRWHVW,IOHDNDJH
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RFFXUVLQWKHPDVNLPPHGLDWHO\SUHVVXUHLQVLGHDPDVNFKDQJHV)RUWKHGHWHFWLRQRIOHDNDJHSUHVVXUHVHQVRUFDQ
EH XVHG WR GHWHUPLQH WKH FKDQJHV LQ WKH SUHVVXUH LQVLGH WKHPDVN 6XFK YDULDWLRQVZLOO EH REVHUYHG DQG SURSHU
FRQWUROOLQJDFWLRQZLOOEHWDNHQE\WKHFRQWUROOHU6XFKFRQWUROOHUPXVWEHEHVWIRUFRQWUROOLQJWKHLQSXWVDQGVKRXOG
EHRIORZFRVW6XFKV\VWHPFDQEHPDGHVPDOOHULQVL]HVRWKDWLWFDQEHHDVLO\PRXQWHGLQVLGHDPDVN0HWKRGV
VKRXOGIROORZVWHSVRIIORZFKDUWVKRZQLQILJ















)LJ:RUNLQJ)ORZ&KDUWIRU/HDNDJHGHWHFWLRQ
7KHUHDUHVRPHDGYDQWDJHVRISUHVVXUHVHQVRUEDVHGOHDNDJHGHWHFWLRQV\VWHPRYHUH[LVWLQJV\VWHPZKLFKXVHV
FHUWDLQ WHVW EDVHG RQ QRQWR[LF DURXVDO RU FRPSRXQGV $V VKRZQ LQ WDEOH  GHWHFWLRQ RI OHDNDJH ZLOO EH PRUH
HIIHFWLYHE\XVLQJVXFKDGYDQFHWHFKQRORJ\
7DEOH&RPSDULWLYHDQDO\VLVIRUOHDNDJHGHWHFWLRQ
3DUDPHWHU 3URSRVHG6\VWHP ([LVWLQJ6\VWHP
&RVW /RZ +LJK
7LPHWRSURFHVV /HVV 0RUH
2SHUDWLRQ (DV\ &RPSOH[
3URFHVVLQJ &RQWLQXHZKLOHZRUNLQJ :KHQHYHUQHHGHG
$FFXUDF\
2SHUDWRU
6L]H
*RRG
1RWQHHGHG
6PDOO
*RRG
1HHGHG
/DUJH
7XUQRQDODUP
3UHVVXUH
JRHVRXW
RIUDQJH
(QG
3DVV
)DLO
6WDUW
2EVHUYHSUHVVXUHLQVLGHWKHPDVN
6HWSUHVVXUH UDQJH LQVLGH WKH PDVN
/HDNDJHLVGHWHFWHG 1ROHDNDJHIRXQG
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&RQFOXVLRQDQG)XWXUH6FRSH
,QWKLVSDSHUDQRYHUYLHZRIPDVNVHOHFWLRQDQGOHDNDJHGHWHFWLRQV\VWHPLVGLVFXVVHGZLWKWKHKHOSRIFHUWDLQ
H[LVWLQJ WHFKQRORJ\ 7KLV SDSHU DOVR UHYLHZHG H[LVWLQJ PHWKRGV DQG SURYLGHV VRPH FRQFOXVLRQ EDVHG RQ LW %\
RYHUFRPLQJ WKH WLPH FRQVXPSWLRQ DQG FRPSOH[ RSHUDWLRQV LQ WKH H[LVWLQJ WHFKQRORJ\PHWKRGV SURSRVHG LQ WKLV
SDSHUSURYLGHVDSSURSULDWHVHOHFWLRQRIPDVNGXULQJWKHFKDQJHVRQIDFHVKDSHDUHD6\VWHPZLOODOVRGHWHFWOHDNDJH
DXWRPDWLFDOO\ EHIRUH DQ\ KD]DUGRXV FRQGLWLRQ PD\ RFFXU 6PDOO LQGXVWULHV FDQ XVH WKLV V\VWHP IRU WKH VHFXULW\
SXUSRVH5HSRUWLQWKLVSDSHUGLVFXVVHGGLIIHUHQWIDFHVKDSHVZKLFKFRPPRQO\H[LVW%\XVLQJDGYDQFHGWHFKQRORJ\
RIHGJHGHWHFWLRQPDWFKLQJPHWKRGDQGOHDNDJHGHWHFWLRQWKLVV\VWHPZLOOSURYLGHEHWWHUDFFXUDWHUHVXOWDQGHDUO\
LQGLFDWLRQ7KXVV\VWHPZLOOEHXVHGIRUWKHVHFXULW\RIKXPDQKHDOWK6\VWHPZLOOKDYHDGYDQWDJHWKDWWKHUHLVQR
QHHGWRJRIRUODERUDWRU\WHVWHYHU\WLPHIRUPDVNVHOHFWLRQ$OVRWKLVSDSHUVKRZVWKDW&DQQ\LVEHWWHURSHUDWRUWR
GHWHFWHGJHVLQWKHLPDJHWKDQ6REHORSHUDWRUE\FRPSDULQJFHUWDLQVWUHQJWKDQGZHDNQHVVRIERWKWKHRSHUDWRU
7HFKQRORJ\KDVEHHQUDSLGO\FKDQJLQJWRIXOILOWRGD\
VZRUOGVLQFUHDVLQJGHPDQGV,QIXWXUHGHWHFWLRQRIOHDNDJH
ZLWKH[DFWORFDWLRQZLOOEHSRVVLEOHZLWKWKHKHOSRIOLJKWUD\VPRYLQJDORQJDERXQGDU\RIPDVN6XFKV\VWHPZLOO
EHFRPSOH[EXWLWZRXOGGHWHFWOHDNDJHDFFXUDWHO\DORQJZLWKWKHH[DFWSRVLWLRQ
$FNQRZOHGJHPHQWV

,ZRXOGOLNHWRWDNHWKLVFKDQFHWRH[SUHVVP\JUDWLWXGHWRDOOWKRVHZKRH[WHQGHGWKHLUVXSSRUWDQGKDYHJXLGHG
PHWRFRPSOHWHWKLVSDSHU)LUVWDQGIRUHPRVW,ZRXOGOLNHWRWKDQN$VVW3URI*57DOPDOHIRUKLVNLQGVXSSRUW
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